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GRINDING WHEEL 


Field of the Invention 

The present invention relates to a grinding wheel 
5 used suitably for grinding one side of a semiconductor 
wafer in particular but not limited thereto. 


Description of the Prior Art 

As well known to people of ordinary skill in the art, 

10 in the production of a semiconductor device, one-side 
grinding is carried out to grind one side of a 
semiconductor wafer to a predetermined thickness. A chuck 
table having a flat holding-surface and a grinder having a 
rotary shaft disposed opposite to the table are used for 

15 grinding. The semiconductor wafer is held on the chuck 
table in such a manner that one side to be ground is 
exposed (therefore, the other side is in close contact with 
the chuck table) and a grinding wheel is attached to the 
end of the rotary shaft. The grinding wheel comprises an 

20 annular base and a grinding stone means mounted on the 
under surface of the base. The grinding stone means is 
generally composed of a plurality of grinding stones which 
extend in an arc form in a circumferential direction and 
are spaced apart from one another in the circumferential 

25 direction. A plurality of coolant flow holes are formed in 
the base at predetermined intervals in the circumferential 
direction. The coolant flow holes extend penetratingly 
through the base from the top to the bottom, and their 
lower ends are located on the inner side in a radial 

30 direction of the grinding stone means mounted on the under 
surface of the base. The chuck table is turned at a 
relatively low speed (for example, 100 to 300 rpm) , and the 
rotary shaft and the grinding wheel attached to the rotary 
shaft are rotated at a relatively high speed (for example, 

35 4,000 to 5,000 rpm). The grinding stone means of the 
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grinding wheel is pressed against one side of the 
semiconductor wafer and moved forward, whereby a grinding 
of one side of the semiconductor wafer is effected. During 
grinding, a coolant such as pure water is supplied into the 
5 coolant flow holes of the grinding wheel through a coolant 
flow passage formed in the rotary shaft to flow out from 
the coolant flow holes which are open to the under surface 
of the base. 

From the experience of the inventor of the present 
10 invention, it has been found that in grinding using the 
conventional grinding wheel described above, the coolant 
supplied is not fully effectively used for cooling the 
grinding stone means of the grinding wheel and the to-be- 
ground surface of an object to be ground, i.e., a 
15 semiconductor wafer with the result that the grinding 
efficiency is not always satisfactorily high and the 
abrasion of the grinding stone means of the grinding wheel 
is relatively large. 

20 Summary of the Invention 

It is a principal object of the present invention to 
make fully effective use of the coolant to be supplied to 
cool the grinding wheel and the to-be-ground object by 
improving the grinding wheel. 
25 When the inventor of the present invention has 

studied the grinding using the conventional grinding wheel, 
it has been recognized that a considerable amount of the 
coolant flows outward in a radial direction without being 
fully utilized to cool the grinding stone means and the to- 

30 be-ground object because of a relatively high speed 
revolution of the grinding wheel. Based on the above 
recognition, it has been found that the above principal 
object can be attained by improving the shape of the base 
of the grinding wheel, more specifically, forming a coolant 

35 pool which is open inward in the radial direction in the 
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inner surface (inner circumferential surface) of the base 
so that the coolant supplied to the base of the grinding 
wheel is temporarily prevented from flowing outward in the 
radial direction and then, caused to overflow toward the 
5 grinding stone means and the to-be-ground object. 

In other words, according to the present invention, 
there is provided a grinding wheel comprising an annular 
base and a grinding stone means mounted on the under 
surface of the base, wherein 
10 a coolant pool which is open inward in a radial 

direction is formed in the inner surface of the base. 

in a preferred embodiment of the present invention, 
the coolant pool continuously extends in a circiamferential 
direction. The coolant pool is defined between an upper 
15 inclined surface which inclines downwardly outward in the 
radial direction and a projecting surface which extends 
substantially horizontally and outward in the radial 
direction below the upper inclined surface. A plurality of 
communication notches or communication holes which 
20 communicate with the coolant pool from the top surface of 
the base are formed at predetermined intervals in the 
circumferential direction. The base has a lower inclined 
surface which inclines downwardly outward in the radial 
direction below the projecting surface. Preferably, a 
25 plurality of coolant guide grooves which extend from the 

coolant pool to the grinding stone means are formed in the 
inner surface and the under surface of the base at 
predetermined intervals in the circumferential direction. 
Preferably, the coolant guide grooves extend from the 
30 coolant pool toward the grinding stone means and are 

inclined toward one side in the circumferential direction. 
In a preferred embodiment, the grinding stone means is 
composed of a plurality of grinding stones which extend in 
an arc form in the circumferential direction and are spaced 
35 apart from one another in the circumferential direction. 
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and the coolant guide grooves are formed correspondingly to 
the grinding stones. 

Brief Description of the Drawings 
5 Fig. 1 is a partially cutaway perspective view of a 

preferred embodiment of a grinding wheel constituted 
according to the present invention; 

Fig. 2 is a partially enlarged sectional view of the 
grinding wheel shown in Fig. 1; 
10 Fig. 3 is a sectional view showing how to grind one 

side of a semiconductor wafer by using the grinding wheel 
shown in Fig. 1; 

Fig. 4 is a partial sectional view of another 
embodiment of a grinding wheel constituted according to the 
15 present invention; 

Fig. 5 is a partial perspective view of the grinding 
wheel shown in Fig. 4; and 

Fig. 6 is a partially enlarged sectional view of a 
conventional grinding wheel used in Comparative Example. 

20 

Detailed Description of the Preferred Embodiments 

Preferred embodiments of a grinding wheel constituted 
according to the present invention will be described in 
more detail with reference to the accompanying drawings. 
25 With reference to Fig. 1 and Fig. 2, the grinding 

wheel entirely denoted by numeral 2 comprises a base 4 and 
a grinding stone means 6. The base 4 which can be made 
from a suitable metal such as aluminum is ring-shaped as a 
whole and has an annular top surface 8 which is 

30 substantially horizontal, an annular under surface 10 which 
is substantially horizontal and a cylindrical outer surface 
12 which is substantially vertical. 

It is important that a coolant pool 14 which is open 
inward in a radial direction is formed in the inner surface 

35 of the base 4. In the illustrated embodiment, the inner 


5 


surface of the base 4 includes an upper vertical surface 16 
which extends substantially vertically downward, a 
retreating surface 18 which extends substantially 
horizontally from the lower end of the upper vertical 
5 surface 16 outward in the radial direction, an upper 

inclined surface 20 which extends inclinedly downwardly 
outward in the radial direction from the outer end in the 
radial direction of the retreating surface 18, an 
intermediate vertical surface 22 which extends 
10 substantially vertically downward from the lower end of the 
upper inclined surface 20, a projecting surface 24 which 
extends inward in the radial direction and substantially 
horizontally from the lower end of the intermediate 
vertical surface 22 and hence, below the upper inclined 
15 surface 20, a lower vertical surface 26 which extends 

substantially vertically downward from the inner end in the 
radial direction of the projecting surface 24, and a lower 
inclined surface 28 which extends inclinedly downwardly 
outward in the radial direction from the lower end of the 
20 lower vertical surface 26. A coolant pool 14 having a 

nearly right-angled triangular sectional form is defined 
between the upper inclined surface 20 and the projecting 
surface 24. Excluding portions where communication notches 
to be described later are formed, the above upper vertical 
25 surface 16, retreating surface 18, upper inclined surface 

20, intermediate vertical surface 22, projecting surface 24, 
lower vertical surface 26 and lower inclined surface 28 are 
continuously formed in a circumferential direction, and the 
above coolant pool 14 is also continuously formed in the 
30 circumferential direction. The coolant pool 14 is not 
necessarily continuously formed in the circumferential 
direction. If desired, a plurality of coolant pools 
extending in the circumferential direction may be formed at 
predetermined intervals in the circumferential direction. 
35 The inclination angle a. of the upper inclined surface 20 


may be about 10 to 30°. The inclination angle jS of the 
lower inclined surface 28 may be about 35 to 55°. If 
desired, the projecting surface 24 may be inclined 
downwardly inward in the radial direction at an angle of 
5 20° or less. 

As clearly understood with reference to Fig. 1, a 
plurality of coiranunication notches 30 extending from the 
top surface 8 to the above retreating surface 18 of the 
inner surface are formed in the base 4 at predetermined 

10 intervals in the circumferential direction. More 

specifically, six notches are formed at equiangular 
intervals so that the top surface of the base 4 
communicates with the above coolant pool 14 through the 
communication notches 30. Each of the communication 

15 notches 30 is substantially semicircular and open on the 
inner side in the radial direction. If desired, 
communication holes which have a suitable sectional form 
such as a circular form and are closed on the inner side in 
the radial direction may be formed in place of the 

20 communication notches 30. A plurality of blind screw holes 
32 which extend substantially vertically downward from the 
top surface 8 are further formed in the base 4 at 
predetermined intervals in the circumferential direction. 
In the illustrated embodiment, 6 blind screw holes 32 are 

25 formed at equiangular intervals and located at intermediate 
positions between adjacent communication notches 30, viewed 
from the circumferential direction. 

Keeping describing with reference to Fig. 1 and Fig. 
2, the above grinding stone means 6 is mounted on the under 

30 surface 10 of the base 4. Stated more specifically, in the 
illustrated embodiment, an annular groove 34 extending 
continuously in the circiimf erential direction is formed in 
the under surface 10 of the base 4. The grinding stone 
means 6 is composed of a plurality (27 pieces in the 

35 illustrated embodiment) of grinding stones 36 which extend 
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in an arc form in the circiomf erential direction and are 
spaced apart from one another in the circumferential 
direction, and a top portion of each grinding stone 36 is 
fixed to the groove 34 by a suitable adhesive to be secured 
5 with the under surface 10 of the base 4. The grinding 
stones 36 each may be ones formed by binding together 
diamond abrasive grains by a suitable binder such as a 
vitrified bond. The cross sectional form of each grinding 
stone 36 may be rectangular. In place of the plurality of 
10 grinding stones 36 arranged at predetermined intervals in 
the circximferential direction, if desired, the grinding 
stone means 6 may be composed of an annular grinding stone 
continuously extending in the circumferential direction. 
Fig. 3 simply shows how to grind one side of a 
15 semiconductor wafer 38 by using the grinding wheel 2 

illustrated in Fig. 1 and Fig. 2. The semiconductor wafer 
38 one side of which is to be ground is held on a chuck 
table 40 in such a manner that one side to be ground faces 
up to be exposed upward. Preferably, at least a central 
20 major portion of the chuck table 40 is made of a porous 

material or has a large number of suction holes which has 
or have a structure capable of vacuxim-adsorbing the 
semiconductor wafer 38. 

A rotary shaft 42 is disposed above the chuck table 
25 40, and the grinding wheel 2 is attached to the end of the 

rotary shaft 42, i.e., the lower end of the rotary shaft 42. 
Stated more specifically, a mounting flange 44 is formed 
integratedly with the lower end of the rotary shaft 42, and 
a circular depressed portion 46 having a relatively large 
30 diameter is formed in the under surface of the mounting 
flange 44. A coolant flow passage 48 which extends in a 
vertical direction and is open to the circular depressed 
portion 47 is formed in the rotary shaft 42. An additional 
member 50 is fixed to the lower end of the rotary shaft 42, 
35 that is, the mounting flange 44. The additional member 50 


consists of an upper portion having substantially the same 
outer diameter as the inner diameter of the circular 
depressed portion 46 and a lower portion having 
substantially the same outer diameter as the outer diameter 
5 of the mounting flange 44, the upper portion is fitted in 
the circular depressed portion 46, and an annular shoulder 
surface defined between the upper portion and the lower 
portion is contacted to the under surface of the mounting 
flange 44. Through holes extending in the radial direction 
10 from the outer circumferential surface of the mounting 

flange 44 to the circular depressed portion 46 are formed 
in the mounting flange 44 at predetermined intervals in the 
circumferential direction, blind screw holes extending in 
the radial direction from the outer surface of the 
15 additional member 50 are formed in the upper portion of the 
additional member 50 at predetermined intervals in the 
circumferential direction, and the additional member 50 is 
fixed to the mounting flange 44 by screwing fastening bolts 
51 into the blind screw holes of the additional member 50 
20 through the through holes formed in the mounting flange 44. 
A sealing ring 52 which may be made from synthetic rubber 
is provided between the outer surface of the upper portion 
of the additional member 50 and the inner surface of the 
circular depressed portion 46 of the mounting flange 44, 
25 and a sealing ring 54 which may be made from synthetic 
rubber is also provided between the annular shoulder 
surface of the additional member 50 and the under surface 
of the mounting flange 44. A plurality of (six in the 
figure) grooves 56 extending radially from the center are 
30 formed in the top surface of the additional member 50 and 
holes 58 which extend substantially vertically from the 
outer ends of the grooves 56 and are open to the under 
surface are formed in the additional member 50. The 
grooves 56 and the holes 58 communicate with the coolant 
35 flow passage 48 formed in the rotary shaft 42. 
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Keeping describing with reference to Figs. 1 to 3, 
the grinding wheel 2 is mounted to the under surface of the 
additional member 50. A plurality of (six in the figure) 
through holes extending substantially vertically are formed 
5 in the mounting flange 44 and the additional member 50 at 
predetermined intervals in the circumferential direction. 
By screwing fastening bolts 60 into the above blind screw 
holes 32 formed in the top surface of the base 4 of the 
grinding wheel 2 through the through holes, the grinding 
10 wheel 2 is mounted on the under surface of the additional 
member 50, that is, the lower end of the rotary shaft 42. 
The above respective communication notches 30 formed in the 
base 4 of the grinding wheel 2 are coordinated with the 
above respective holes 58 formed in the additional member 
15 50. Therefore, the above coolant pool 14 formed in the 
base 4 of the grinding wheel 2 communicates with the 
coolant flow passage 48 formed in the rotary shaft 42 
through the communication notches 30 formed in the base 4 
and the holes 58 and the groves 56 formed in the additional 
20 member 50. 

When the semiconductor wafer 38 is to be ground, the 
chuck table 40 is turned at a relatively low speed of 100 
to 300 rpm, the rotary shaft 42 is turned at a relatively 
high speed of 4,000 to 5,000 rpm, and the grinding wheel 2 
25 is pressed against one side of the semiconductor wafer 38 
to grind it gradually. Thus, one side of the semiconductor 
wafer 38 is ground by the grinding wheel 2, more 
specifically by the grinding stone means 6. During 
grinding, the coolant which may be normal temperature pure 
30 water is supplied through the coolant flow passage 48 in 
the rotary shaft 42. The coolant runs from the coolant 
flow passage 48 of the rotary shaft 42 through the grooves 
56 and the holes 58 formed in the additional member 50 and 
flows into the coolant pool 14 through the communication 
35 notches 30 formed in the base 4 of the grinding wheel 2. 


Since the grinding wheel 2 is turned at a relatively high 
speed, very large centrifugal force acts on the coolant, 
thereby making the coolant flow outward in the radial 
direction. However, since the coolant pool 14 which is 
open inward in the radial direction is formed in the 
grinding wheel 2 constituted according to the present 
invention, the coolant which tends to flow outward in the 
radial direction is temporarily retained in the coolant 
pool 14 so that it is prevented from flowing outward in the 
radial direction. After it is retained in the coolant pool 
14, it overflows from the coolant pool 14, flows down along 
the lower inclined surface 28 which is inclined outward in 
the radial direction below the coolant pool 14 and is 
guided onto the grinding stone means 6 and one side of the 
semiconductor wafer 38 ground by the grinding stone means 6. 
Since the coolant which is caused to flow outward in the 
radial direction due to the high-speed rotation of the 
grinding wheel 2 is temporarily retained in the coolant 
pool 14 and then supplied to a required site, that is, a 
site where grinding is carried out, the coolant is 
prevented from flowing outward in the radial direction 
excessively and being wasted, thereby making it possible to 
fully make effective use of the coolant. 

Fig. 4 and Fig. 5 show another embodiment of a 
grinding wheel constituted according to the present 
invention. In the embodiment shown in Fig. 4 and Fig. 5, 
the projecting surface 24 defining the coolant pool 14 is 
inclined downwardly inward in the radial direction at an 
angle y of 20° or less. A plurality of coolant guide 
grooves 62 which extend from the coolant pool 14 to the 
grinding stone means 6 are formed at predetermined 
intervals in the circumferential direction in the above 
lower vertical surface 26 and the lower inclined surface 28 
of the inner surface of the base 4 and the under surface 10 
of the base 4. The plurality of coolant guide grooves 62 
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are formed correspondingly to the plurality of grinding 
stones 36. Although the coolant guide grooves 62 may 
extend substantially vertically without being inclined in 
the circumferential direction, as understood with reference 
5 to Fig. 5, it is advantageous that they are inclined toward 
one side in the circumferential direction, that is, in the 
rotation direction of the grinding wheel 2 to eliminate or 
reduce the tendency of the coolant to flow in the 
circumferential direction caused by the rotation of the 

10 grinding wheel 2. Preferably, the lower end of each of the 
coolant guide grooves 62 extends to the inner surface of 
the grinding stone 36 at an upstream side of the center of 
the grinding stone 36 in the rotation direction of the 
grinding wheel 2. The inclination angle 6 toward one side 

15 in the circumferential direction of the coolant guide 
grooves 62 may be around 20 to 60°. 

In the grinding wheel shown in Fig. 4 and Fig. 5, the 
coolant retained in the coolant pool 14 flows out mainly 
through the coolant guide grooves 62 and is guided to the 

20 grinding stone means 6 and onto one side of the 

semiconductor wafer 38 (Fig. 3) which is being ground by 
the grinding stone means 6 . 

The grinding wheel 2 shown in Fig. 4 and Fig. 5 may 
be substantially identical to the grinding wheel 2 shown in 

25 Figs. 1 to 3 except the above constitution. 

Example 

The grinding wheel shown in Fig. 1 and Fig. 2 was 
manufactured. The base was formed from aluminum. The 

30 outer diameter Dl of the base was 290 mm, the height Hi of 
the base was 17 mm, the inner diameter D2 of the top 
surface was 158 mm, and the inner diameter D3 of the under 
surface was 178 mm. The height H2 of the upper vertical 
surface of the inner surface of the base was 2.5 mm, the 

35 width Wl of the retreating surface was 3.8 mm, the 
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inclination angle a of the upper inclined surface was 20°, 
the length LI of the upper inclined surface was 8.8 mm, the 
height H3 of the intermediate vertical surface was 1.6 ram, 
the width W2 of the projecting surface was 6.3 mm, the 
5 height H4 of the lower vertical surface was 1.6 ran, the 

inclination angle jS of the lower inclined surface was 45°, 
and the length L2 of the lower inclined surface was 11.3 mm. 
27 Grinding stones were fixed to the under surface of the 
base at equal intervals in the circumferential direction. 
10 Each grinding stone had a length L3 in the circiimferential 
direction of 20 mm, a thickness Tl of 4.0 mm and a 
projecting length L4 from the under surface of the base of 
5.2 mm and the interval Gl in the circumferential direction 
between adjacent grinding stones was 2.2 mm. Each grinding 
15 stone was ones formed by binding together diamond particles 
having a particle diameter of 40 to 60 ;jm by means of a 
vitrified bond and the concentration of the diamond 
particles was 75. 

The above grinding wheel was mounted to the rotary 
20 shaft of a grinder (surface grinder) marketed under the 
trade name of DFG841 from DISCO CORPORATION to grind one 
side of a semiconductor wafer having a diameter of 6 inches. 
During grinding, the revolution speed of the rotary shaft 
was 4,800 rpm, the revolution speed of the chuck table was 
25 200 rpm, the grinding wheel was lowered by 200 jim at a rate 
of 8 pm/sec and consequently, one side of the silicon wafer 
was ground to a depth of 200 jum. Pure water having a 
temperature of 24°C was supplied as the coolant through the 
coolant flow passage of the rotary shaft at a rate of 3,000 
30 cc/min. 

After one-sides of 180 silicon wafers were ground, 
the abrasion amount (the amount of a reduction in the 
projecting length) of the grinding stone of the grinding 
wheel was measured, and was shown in Table 1 below. The 
35 grinding rate was obtained by dividing the total value of 
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ground volumes of the silicon wafers by the total value of 
the worn-out volumes of the grinding stones, and was shown 
in Table 1 below. 
Comparative Example 
5 For comparison, one-sides of 180 silicon wafers were 

ground by using a grinding wheel identical to the grinding 
wheel used in Example in the same manner as in Example 
except for the shape of the base shown in Fig. 6. The 
base of the grinding wheel had an outer diameter D4 of 290 

10 mm, a height H5 of 17 mm, an inner diameter D5 of the top 
surface of 138 mm, and an inner diameter D6 of the under 
surface of 178 mm. An annular groove which had a depth XI 
of 1.9 mm and a triangular cross sectional form was formed 
in the inner end portion of the top surface of the base and 

15 12 holes extending from the groove to the under surface of 
the base were formed in the base at equal intervals in the 
circumferential direction. The holes are inclined 
downwardly outward in the radial direction and had an 
inclination y of 25° and a diameter D7 of 2 mm. 

20 The abrasion amount (amount of a reduction in the 

projecting length) and grinding rate of the grinding stones 
of the grinding wheel were obtained in the same manner as 
in Example, and was shown in Table 1 below. 

25 Table 1 



abrasion amount of 
grinding stones (mm) 

grinding rate 

Example 

20.0 

14950 

Comp . Example 

32.0 

9344 


Comp. Example = Comparative Example 


